have been conducted and considerable information has been obtained concerning the nutritional requirements of this homolactic organism by measuring its growth response to various substances. On the other hand, investigations with washed cells of this organism have been surprisingly few in spite of the fact that experimental conditions with such cell preparations can be more readily defined and controlled than in studies conducted with growing organisms in culture media.
That the optimlum growth conditions and nutritive requirements for the pro--duction of cells of a particular organism vary with the enzyme system to be studied has been well established. Thus, Gale (1940) found that cells of Streptococcus faecalis harvested from a trypsin-digested casein medium with a terminal culture pH below 5.0 possessed an active tyrosine decarboxylase system. Wood and Gunsalus (1942) found that cells of Streptococcus mastitidi* grown in a tryptone, yeast extract, low glucose medium harvested before the culture pH had dropped below 6.8 displayed excellent glucose dehydrogenase properties. Bellamy and Gunsalus (1944) subsequently confirmed and extended Gale's findings, describing a medium, synthetic except for the incorporation of acid-hydrolyzed gelatin and a folic acid concentrate, which supported cells demonstrating good decarboxylation properties. Wood and his associates (1945) used LactobaciUus casei cells grown in a glucose, yeast extract medium to degrade glycogen hydrolyzates to lactic acid. Reithel (1946) prepared a cell-free extract of Streptococcus theinwphilus, which fermented lactose and glucose to lactic acid in the presence of adenosine triphosphate (ATP), from cells grown on a medium containing Difco broth, lactose, and peptonized milk. The present study is an attempt to devise a medium which could be used to prepare fairly large amounts of washed cells of lactobacilli (which could be lyophilized or used in the preparation of cell-free extracts) which would actively ferment glucose to lactic acid. Gunsalus and Niven (1942) have shown that at pH values above 6.5 homolactic streptococci produce formic acid, acetic acid, and ethanol instead of lactic acid from glucose, the pH of the reaction mixture was kept below this point. The gas evolution was followed for 180 minutes. Under these experimental conditions, the lactic acid produced is measured as carbon dioxide liberated. Preliminary experiments showed that the addition of both ATP and the salt mixture was necessary for the maximum production of lactic acid. From the Kjeldahl N values obtained on aliquots of the 1.0 per cent cell suspensions and the amount of carbon dioxide evolved in the Warburg apparatus, the amount of gas evolved per 0.1 mg N (cells) in 180 minutes was calculated. In this manner the effect of the variations between the densities of the various cell suspensions was obviated.
RESULTS
The medium of Wood and Gunsalus for the "production of active cells of streptococci" was selected as a guide because the streptococci and the lactobacilli are on July 7, 2017 by guest http://jb.asm.org/ Downloaded from GLYCOLYTICALLY ACTIVE WASEED CELLS metabolically related, both being homolactic organisms. Their medium, made up with Difco tryptone, yeast extract, glucose, and K2HPO4, was first used in an attempt to grow glycolytically active L. casei cells. The medium supported heavy growths of organisms which displayed excellent dehydrogenase properties. Table 1 shows some of their dehydrogenase properties.
The tube concentrations were: cells (1:300 by volume); methylene blue (2.5 X 10-6 M); substrate (0.01 M); pH 7.3, K2HPO4-NaOH buffer (0.025 M); 0.5 per cent salt solution; and the total volume was 10 ml. The tests were run at 37 C with a stream of nitrogen (purified of oxygen by running it over heated copper) constantly bubbling through the reaction mixture to ensure anaerobic conditions and continued agitation so the cells would not settle out. Under these conditions, the cells were capable of using ethanol, glucose, pyruvic acid, lactic acid, and glycerol, but not formic and succinic acids, as hydrogen donors and methylene blue as the hydrogen acceptors. figure 2 .
As can be seen, both the K2HP04 and Na1HPO4 adversely affected the glycolytic activity of the cells harvested from media to which they were added. These results were also obtained to an even more marked degree in experiments in which the basal medium was the same as that used for the K2HPEO concentration effect. It should be noted and emphasized that neither K2HP04 nor NaHP04 affect adversely the degree of growth of the cells in media to which they are added. As a matter of fact, the cell harvests from media with K1HP04 were sometimes greater than those from the basal medium.
It was thought that posibly this effect might be due to the phosphate-buffering NatHP0O were 4.3 as compared to 4.0 and 4.1 for the KCl and the basal medium, respectively, there existed the possibility that lower pH values favored the development of glycolytically active cells, or, conversely, the higher pH conditions adversely affected the production of the glycolytic enzymes.-Therefore cells were grown and harvested from media containing tryptone (0.5 per cent), yeast extract (1.0 per cent), and glucose (0.1 per cent), initially adjusted to pH 5.0, 5.5, 6.0, 6.5, and 7.0. The terminal pH values of these cultures were 4.7, 4.6, 4.6, 4.7, and 4.8, respectively. The glucose concentration of 0.1 per cent was used instead of 0.5 per cent because, if lower pH values do favor the development of glycolytic enzymes, there was the possibility that the higher sugar concentration, and thus greater acid production, might cover up the effect of adjusting the initial pH of the cultures to the higher values by rapidly lowering the pH. However, the results shown in figure 3 show that such was not the case. The lower the initial pH of the cultures, the lower were the activities and also the cell harvests. At present we are unable to account for this phosphate effect. It will be noted that KEHPO4 is missing from the media which Wood and his associates used to produce L. ca.ei cells to degrade glycogen hydrolyzates to lactic acid. (1.0 per cent). The terminal pH values of the culture were 3.9, 4.0, 4.1, and 4.1, respectively. Initially the media were adjusted to pH 6.8 to 6.9. The results are given in figure 6. As will be noted, the glycolytic activity and the cell harvest curves are practically mirror images of each other. The higher the concentration of tryptone, the greater is the cell harvest but weaker the glycolytic activity. Apparently the glycolytic enzymes are "diluted out" by the larger number of cells. Lyophilization. Cells of L. casei harvested from media containing glucose 0.5 per cent), yeast extract (1.0 per cent), and tryptone (0.5 and 2.0 per cent) and dried from the frozen state displayed fair glycolytic properties. The gas evolution per 1.0 mg N of bacterial cells (0.5 ml of a 1.0 per cent lyophilized cell suspension added to a Warburg flask containing a reaction mixture with a total volume of.3.3 ml) in 3 hours varied from 350 to 550 microliters depending on the conditions.
DISCUSSION
The Warburg method of determining the glycolytic activity of lactobacilli may not be so absolutely accurate as the direct estimation of lactic acid. It will be noted that Reithel found some discrepancies between the amount of lactic acid measured directly and indirectly by the manometric technique. However, the method does give a reliable measure of the relative glycolytic activities of homolactic organisms. The ease with which the activities of a number of cell preparations can be estimated is its principal recommendation.
The fact that cells which display excellent dehydrogenase properties do not necessarily possess comparably good glycolytic activity has been demonstrated. Wood and Gunsalus (1942) were not unaware of this possibility, for they were aware of the criticisms offered by Barron and Jacobs (1938) , who warned of certain inherent weaknesses of depending solely on the use of the Thunberg method for measuring activity of cells. The evidence presented here does not contradict the work of Wood and Gunsalus. L. casei cells grown in their medium do display excellent dehydrogenase properties. The evidence does seem to indicate, however, that conditions under which cells with good dehydrogenase activity are produced are not the best, at least with some homolactic organisms, for the production of glycolytically active cells.
The effect of K2HPO4 was unexpected. As yet, we have no explanation for this peculiar phenomenon.
CONCLUSIONS
Under the experimental conditions described, the data seem to justify the conclusions which follow:
Washed cell suspensions of Lactobacillus casei and Lactobacillus arabinosu8 which are glycolytically active can be prepared from a medium containing glucose (0.5 per cent), yeast extract (1.0 per cent), and tryptone (0.5 to 2.0 per cent).
Despite the fact that the terminal pH values of the cultures drop as low as 3.9 or 4.0, the cells are still active.
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[VOL. $} K2HPO4 and Na1HPO at 0.5 per cent concentration do not inhibit the growth of the organisms in the culture but do affect adversely the activity of the cells harvested from the phosphate-containing media.
The cells harvested from the medium described and dried from the frozen state display fair glycolytic activity.
